Approximately one month after a red sludge industrial accident, a high concentration of atmospheric aerosol was reported in the affected area. This increased aerosol load originated mainly from the fugitive dust emitted from the red sludge sediment, representing a serious threat to public health. In a study presented here, a recently developed four-wavelength photoacoustic spectrometer (4λ-PAS), which simultaneously measures optical aerosol absorption in the near infrared, visible and ultra-violet spectral ranges with high temporal resolution, was operated in the centre of the sludge hit area. Based on the results of the photoacoustic absorption measurements of temporal changes in light absorption and their correlations with other aerosol variables, including size distribution, were carried out in special atmospheric conditions (including with the presence of "atypical" red mud particles). Correlations between segregated absorption Ångström exponents (AAEs) and specific size ranges were tabulated, and the resulting data were used to draw conclusions about the reasons for the temporal changes to the measured quantities. The absorption behavior of red mud particles was determined in UV, VIS, and near IR spectral regions under laboratory conditions. The absorption spectrum of red mud aerosol was found to be atypical (i.e., it did not follow a power law), and this was used as a selective parameter for its identification in ambient bulk. Each measurement day, at around noon, dust from the red sludge sediment was identified; while during the rest of the day atmospheric aerosol composition was dominated by carbonaceous aerosols, originating most probably from home heating and/or from traffic. In-situ number concentration and size distribution measurements confirm this interpretation of the measurements obtained with 4λ-PAS.
INTRODUCTION
Hungary's largest ecological disaster took place on October 4, 2010 at 1:30 p.m. when the western dam of a toxic red sludge reservoir, located about 100 km south-west of Budapest ruptured. Due to the ruptured dam 600-700 thousand m 3 of dilute red sludge flooded 800 hectares of surrounding areas killing 10 persons. The highly alkaline red sludge, by-product of alumina manufacturing, is a corrosive substance. The most extreme devastation was caused in the villages of Devecser and Kolontár, which are located near the reservoir (http://redsludge.bm.hu). After the disaster the area was closed, partial traffic ban was implemented but the inhabitants were not evacuated.
Even after the immediate critical phase of red sludge had passed, the potential public health and environmental hazard of red sludge and its constituent had raised increasing particulate scientific concern. Three of by-product disposal types are most common in alumina product, namely (i) lagoon type, (ii) disposal in the sea and (iii) dry mud stacking. Disposal of red mud in the sea has been appreciably reduced over the last decades because of the inestimable environmental hazard both of the remaining two disposal solutions involve the risk of air pollution through the dusting of disposal site (Paramguru et al., 2005) . Moreover, the health professionals are in the common platform that the most relevant adverse health effect is associated to inhalation of wind-dispersed red mud particles. Under specific meteorological conditions these particles could appear faroff from its source through long range transport (Prospero et al., 1999) . Therefore, the motivation to characterize the physical-chemical features of red mud particles as well as its health effects are not restricted to this disaster or localities of alumina industry based on the Bayer process but more broadened. Certainly, despite of its importance there are no reliable methods for on-line determination of red mud content of ambience to alarm when the concentration of red mud particles in the atmosphere increases. Most commonly used method for composition identification is based on offline chemical analysis (Sandradewi et al., 2008a; Genberg et al., 2011) . Physical quantities of red mud particles, which can be measured on-line such as absorption features or size distribution, are none, or poorly characterized in the literature. Consequently, spectral behavior of red mud particles, as atypical atmospheric aerosol needs to be characterized in details.
Approximately one month after the disaster high aerosol concentration was measured in the surrounding area. These measurement results caused serious concerns because the aerosols re-suspended from red sludge sediment were thought to pose high risk to human health. Several measurement campaigns were performed in the area in order to assess the level of potential health and environmental hazard (Gelencsér et al., 2011; Ruyters et al., 2011; Czövek et al., 2012) . These works are mainly focused on the quantitative characterization of chemical feature and health hazard based on the off-line sampling.
This study reports the first laboratory investigation of wavelength dependent optical absorption coefficient (OAC) of re-dispersed red mud particles in UV, VIS, near IR spectral region as well as for ambient aerosol measured at disaster (red mud passed) area using a novel multiwavelength photoacoustic spectrometer (Ajtai et al., 2011) . This instrument could measure OAC without any sampling artifact and with high reliability (below 6% depending on applied wavelengths). In one of our recent study we demonstrated that the instrument selectivity is the highest among the recently available on-line instruments for measurement of absorption behavior of particles (Ajtai et al., 2011) . Main scientific goal of this study was to investigate photoacoustic response of atmospheric aerosol in solar spectral region at specific ambient conditions including atypical (red mud) particles in relation to concurrently measured other aerosol variable such as size distribution. Absorption spectrum of re-dispersed red mud aerosol was determined under laboratory conditions. We have found that spectral response of red mud particles is characteristic to its constituent, shows extremely high absorption in the UV and differs significantly from typical constituents of urban aerosol such as soot from traffic or heating (Sandradewi et al., 2008b) . Second motivation was to investigate the possibility of on-line identification of red mud aerosol in the atmosphere from the measured ambient absorption spectra using the laboratory data. Since neither absorption nor number size distribution are unique indicators of constituents, we have used segregated absorption Ångström exponent (AAE) deduced from absorption measured by photoacoustic spectroscopy at different wavelength pairs and the correlations between measured quantities to fulfill these measurement purposes.
EXPERIMENTAL
The measurements reported here took place between 03 and 08 November 2010 at the schoolyard of the primary school of Devecser (GPS position: 47.106397, 17.43727) having special permission from the Hungarian National Directorate General for Disaster Management. The instruments were operated inside a temperature and humidity controlled mobile measurement station of Hilase Ltd installed in a three-ton van. All instruments used in the campaign were connected to PM 2.5 cut-off inlets placed approximately 2 meters above the roof of the van.
The Four-Wavelength Photoacoustic Spectrometer (4λ-PAS)
Photoacoustic spectroscopy i.e., energy transfer from a modulated light source to an acoustic wave by optical absorption is a unique method to measure the light absorption coefficient of aerosols directly without the necessity of complicated filter sampling and/or site-specific calibration procedures (Roessler and Faxvog, 1980) . Photoacoustic (PA) signal is linearly proportional to light absorption and it is completely insensitive to light scattering. A PA system, after being calibrated with a light absorbing gas with known optical absorption cross section, can be used to determine OAC  in real time with high reliability even under field conditions (Hamasha and Arnott, 2009; Ajtai et al., 2011) .
The four-wavelength PA spectrometer (4λ-PAS) applied in this study is the upgraded version of the laboratory instrument described in details elsewhere (Ajtai et al., 2010a) . It has a dimension of 65 cm × 65 cm × 130 cm, and approximately 100 kg in weight. It measures OAC simultaneously at four different wavelengths: 1064 nm, 532 nm, 355 nm and 266 nm spanning the NIR, VIS and UV wavelength regions. It has four detection PA cells and each is illuminated with one of the light beams. Its operation is controlled by a built-in programmable electronic unit which makes its operation fully automated and unattended. The gas handling system is built in a way to eliminate possible measurement interferences from gaseous compounds in the atmosphere (most importantly NO 2 and ozone). From the acoustic signals measured in the detection cell (representing an acoustic resonator), the electronic unit calculates OACs with the help of calibration factors determined during an independent gas phase calibration of the instrument (Ajtai et al., 2010a , Wagner et al., 2009 , Ajtai et al., 2010a Wagner et al., 2012) .
Supplementary Instrumentation of the Field Campaign
In addition to the 4λ-PAS, the optical absorption of aerosol was also measured with a seven wavelength (370 nm, 470 nm, 520 nm, 590 nm, 660 nm, 880 nm and 950 nm) Aethalometer (Magee-scientific AE31) possessing a restricted wavelength coverage compared to that of the 4λ-PAS. The Aethalometer was operated in an automated mode, including filter tape advance whenever light attenuation at 370 nm decreased to 75% of the value measured on an aerosol free filter due to deposited aerosols. Measurement artifacts of the Aethalometer induced by shadowing and multiple scattering effects were minimized by using correction factors suggested by Weingartner et al. (2003) . OAC  determined by the Aethalometer was calibrated against OAC measured by the 4λ-PAS at 532 nm by interpolating the readings of the Aethalometer to this wavelength. The combined operation of 4λ-PAS and Aethalometer was established in a previous measurement campaign (Ajtai et al., 2011) .
Number concentration and size distribution of the atmospheric aerosol were measured with a Wide Range Aerosol Spectrometer (Grimm Aerosol Technik GmbH, composed of a SMPS+C system consisting a Condensation Nucleus Counter, Model #5.400 and a Classifier "Vienna"-Type DMA, Model #5.500 and a Portable Aerosol Spectrometer, Model #1.108) in a wide particle diameter interval between 5 nm-2.5 μm. A scan was completed in every 4 minutes.
Besides the online measurements, atmospheric aerosols were collected on quartz fiber filters for the laboratory analysis described in Laboratory measurements section. Aerosol collection on a filter lasted for 24 hours resulting in a total sampled ambient air volume of 24 m 3 per filter. Meteorological parameters such as wind speed, wind direction, temperature, humidity, total radiation, and pressure were measured by the Middle Transdanubian Environment Inspectorate next to our van.
Laboratory Measurements
The field measurements were supplemented with various laboratory measurements. One of them targeted the determination of the wavelength-dependent OAC of the red sludge aerosol. Experimental set-up of these laboratorial measurements is shown in Fig. 1 . The re-dispersion of red sludge aerosol was achieved by blowing synthetic air with a flow rate of about 10 L/min above a Petri dish in which the dried and pulverized red mud sediment -collected from the red sludge hit area -was stored. Outlet of the aerosol generating system was divided into 4 lines by using polished stainless steel tubes with an outer diameter of 6 mm and special 45° splitters. Length and bends of the tubes were made as short and small as possible in order to keep the aerosol losses at minimum. The first line was connected to SMPS, the second to 4λ-PAS, the third to OPC and the fourth line was left open to maintain ambient pressure in the PA cells.
In another set of laboratory measurements the mass concentrations of major aerosol components were determined from 24 h aerosol samples collected on quartz fiber filters. Mass of total carbon (TC) collected on a filter was provided by Astro Model 2100 laboratory TC analyzer (Zellweger Analytics) in solid module operating mode. In this instrument the determination of TC mass is based on catalytic combustion of the sample in oxygen at 680°C and the detection of the evolving carbon dioxide by a non-dispersive infrared detector. The measurement of levoglucosan (Bari et al., 2010) was performed after derivatization with bis(trimethylsilyl)triflouroacetamide (BSTFA): trimethylchlorosilane (TMCS) 99:1 in pyridine (3 h, 70°C) by gas chromatography-mass spectroscopy (Agilent 6890N, Agilent 5973N).
Elemental composition of the red mud was analyzed by using X-ray fluorescence analysis with a Horiba JobinYvon XGT 5000 apparatus implemented on pressed powder pellets from the sediment with 5 parallel measurements (30 kV, Rh ray-source, 100 μm ray-pile, 900 sec time period).
RESULTS

Results of the Laboratory Measurements
The chemical analysis of the samples collected on the quartz fiber filters demonstrated quite high total carbon and levoglucosan ratio to the total particle mass concentration (that was measured by the Middle Transdanubian Environment Inspectorate during our campaign) (respectively 1.5 and 3 times higher as at the same time in Budapest). et al., Aerosol and Air Quality Research, 13: 49-59, 2013 52 This enhancement could be explained also by differences in emission rate or in heating technologies predominately used in Budapest and Devecser (Bari et al., 2010) as well as differences in meteorological conditions. It was demonstrated by Gelencsér et al. (2011) that the red mud dust which is released to the atmosphere has identical chemical composition as particle samples that were collected directly from the sludge sediment. Relying on this fact we have made XRF analysis on our own sediment samples to get information on the mineralogical composition of the aerosol particles. As it can be seen in Fig. 2 major elements in our sample are aluminum, silicon, calcium, titanium and iron. Chemical composition of bauxite is highly variable, but according to Bárdossy et al. (1982) (Querry et al., 1985) . The high amount of Si and Ca in our XRF spectra might result from soil-derived minerals (quartz, albite and muscovite) which are normally not present in the atmosphere because of their large particle diameter. Taking our results and those from Gelencsér et al. (2011) we propose that the major light absorbing (in the visible range) component of airborne red mud dust is most likely hematite.
Number (and volume) size distributions and absorption spectra of the re-dispersed red mud dust and hematite (Fe 2 O 3 ) particles (Reanal Private Ltd., Hungary, degree of purity > 95%) -which were thought to be the major constituent having significant absorption in the UV-VIS spectral region -were measured in the laboratory. Number and volume size distribution of the re-dispersed samples can be seen in Fig. 3 . Geometric median diameters of the red mud dust and hematite aerosols were found to be 86 nm and 83 nm, respectively. In both samples the shoulders on the right side of number size distribution modes could be attributed to the agglomeration of the individual particles (Zelenyuk and Imre, 2007) . Sizes of artificially generated and ambient aerosols may differ significantly, partly due to the dissimilarity of the particle re-dispersion way in nature and in laboratory. Therefore, we used the number (and volume) size distribution spectra measured in laboratory only for model calculation. The measured size spectrum of re-dispersed red mud particle agrees well with earlier study (Gelencsér et al., 2011) . Larger particles (Dp > 500 nm) dominated in volume in both cases.
OACs of both samples at the operation wavelength of the applied photoacoustic instrument as well as the modeled absorption spectra of hematite aerosol in the wavelength coverage of the photoacoustic instrument at three different characteristic sizes are shown in Fig. 4 . For theoretical simulation of the hematite aerosol absorption Mie theory was used by assuming spherical particles. Although assuming spherical particles is a limitation for accurate modeling the optical absorption of real particles at a given wavelength, the spectral behavior of hematite in different spectral regions could be characterized with high reliability with this approach. Measured and calculated data agree well with each other and also with others results (Mogili et al., 2007; Wagner et al., 2009) , which further confirms the reliability of this approximation. The optical constants of hematite aerosol were published by Querry (1985) . The suggested method to model the aerosol absorption in case of anisotropic (birefringent) material is to calculate the individual spectra for both ordinary (o-ray) and extraordinary (e-ray) refractive indices by Mie theory and take average of the spectra weighted by the o-ray to e-ray ratio. Since hematite is a birefringent material having two equivalent o-and one e-ray axes, we used 2/3 o-ray + 1/3 e-ray average of the optical constant for calculations. The absorption coefficient measured by 4λ-PAS is the sum of the absorption contributions from all particles that reside in the photoacoustic cell at a given moment. The calculated absorption cross section refers to a single particle at a given size. We have integrated the calculated absorption cross sections over the measured number size distribution in order to get the modeled absorption coefficient then it can be compared with the coefficients measured by the PAS. We have also calculated hematite absorption coefficients for two additional median particle sizes (300 nm and 900 nm), but with the same number concentration and distribution width as measured for our re-dispersed sample. Consequently, it has been demonstrated that possible differences between the size distributions of hematite and red mud aerosols measured in ambience and in the laboratory could not affect the spectral habitus of the absorption coefficient. The hematite aerosol possesses strong and featureless absorption spectrum in the UV and the lower visible as well as a low or even negligible absorption in the upper visible and the near IR spectral region. Red mud dust shows similar spectral absorption attribute as the hematite aerosol except at mid-UV wavelength 266 nm where the red mud sample exhibit relatively high OAC. We therefore conclude from Fig. 4 that the spectral absorption behavior of the red mud dust aerosol is mainly governed by its hematite content except at 266 nm where the absorption of other components probably soil-derived minerals becomes dominant (Sokolik and Toon, 1999) .
Results of the Field Measurements
Average temperature during the field measurement was quite stable, with a minimum of 5°C and a maximum of 15°C. There was precipitation only at the night of 3 November, and the average relative humidity was 74%. Average wind speed was below 2 m/s until the night of 7 November, when it increased to 8 m/s. Prevailing wind direction was south-southwest (200°).
In Fig. 5 temporal variations of OAC measured by 4λ-PAS and Aethalometer are compared. Readings of the 7λ-Aethalometer were inter-and extrapolated to the measurement wavelengths of the 4λ-PAS as follows. AAEs were fitted to the OAC readings of the Aethalometer in 370-520 nm and 590-950 nm range, respectively, and the former one was used to estimate b λ at 266, 355 and 532 nm while the latter one was used to estimate OAC at 1064 nm.
From the number size distribution data measured by SMPS and by OPC, and the calculated volume size distribution (by assuming spherical particles) hourly averages were calculated and the results were analyzed in details. Two distinct peaks were found both in the number and volume size distributions with altering relative intensities (Fig. 6) . The two identified modes are GMD20 (geometric median diameter 19 ± 6 nm) and GMD100 (98 ± 20 nm). As it can be seen in Fig. 6 contribution of particles with sizes above 500 nm to the total aerosol number concentration was found to be negligible. Since light absorption by aerosols is driven by particle volume, contribution of these (GMD > 500) particles to the total aerosol volume needs to be quantified as well. We found that these particles contribute to the total aerosol volume even by 50% in some cases. No characteristic mode was found in this size range similarly to the results of Gelencsér et al. (2011) . Main source of red mud dust in the atmosphere is supposed to be Aeolian process, because of the extremely high re-suspensation potential (200 times higher than at curbside observed by Gelencsér et al., (2011) ) in this area. The rate of winddispersion increases sharply with particle diameter, therefore in later analysis we have sum the total number of particles in the characteristic size ranges 15-25 nm and 85-115 nm, as well as above 500 nm.
DISCUSSION
Correlations between identified size modes and measured OAC and AAE values are collected in Table 1 . Although neither absorption nor size distribution of atmospheric aerosol is unique indicator for emission sources, many papers have demonstrated that composition of atmospheric aerosol could be identified by measuring these parameters with high reliability (Cappa et al., 2009; Moosmüller et al., 2011; Salma et al., 2011) . In urban air the size mode around 20 nm refers to traffic emission and the mode around 100 nm refers to residential heating (Bond et al., 2002; Wehner and Wiedensohler, 2003) . Similarly, absorption in red to near IR spectral region is mainly governed by inorganic refractory carbon (i.e., traffic emission) while towards shorter wavelengths organic carbon aerosol fraction (e.g., from residential heating) becomes more dominant in absorption strength (Hand et al., 2005; Favez et al., 2009) .
Correlations between OAC measured at 1064 nm and GMD > 500, and GMD100 are negligible but becomes significant in case of GMD20 (upper row in Table 1 ). High correlation between OAC at 1064 nm and the 20 nm mode increases the reliability of the conclusion that this mode refers to local traffic sources (Fig. 7(a) ). Likewise, the overriding correlation between OAC at 355 nm and strength of the 100 nm mode (R = 0.81) compared to other specified size region (third row in Table 1 ), supports the conjecture that particles in this mode are mainly governed by organic carbon aerosol emission from residential heating (Fig. 7(b) ). Slope of the correlations summarized in Table 1 could indicate the relative sensitivity of the measured quantities to a given change in all cases investigated in this study. The slopes in Fig. 7(a) and 7(b) may indicate that the optical responses are more efficient at indicating the changes of relative aerosol fraction from traffic and heating than the size distribution.
OAC is not unique indicator of the composition mainly because of its sensitivity to the concentration (Roessler and Faxvog, 1980) . Wavelength dependence of AAE is not affected by concentration changes and is more characteristic to the sample (Sandradewi et al., 2008b) . AAE is determined as the slope of log-log representation of the measured OAC spectra. Furthermore, due to the wide wavelength coverage of 4λ-PAS and the fact that aerosols often show different wavelength dependencies in the different regimes of UV-VIS-NIR spectral range, wavelength dependence of AAE itself has to be taken into account when describing spectral behavior of measured OACs. Alternatively, this wavelength dependence has been already proved to increase the applicability of our PA system for aerosol source apportionment (Ajtai et al., 2011) . Three AAEs were calculated from OACs measured by the 4λ-PAS for neighboring wavelength pairs 1064-532, 532-355 and 355-266 nm. Similarly, two AAEs were calculated from OACs measured by the Aethalometer. One exponent refers to the upper (950-590 nm), and the other refers to the lower (520-370 nm) spectral region of the instrument. AAEs, calculated from the measurements of 4λ-PAS and Aethalometer for the NIR (Fig. 8(a) ) and visible ( Fig. 8(b) ) spectral regimes, show very good agreement. Especially the exponent of the visible region shows distinct temporal changes ( Fig. 8(b) ). The UV exponent (Fig. 8(c) ) also shows temporal fluctuation but with different phase compared to the visible. Values determined for the visible spectral region have maxima in evening hours and stays high during night, whereas AAE of the UV spectral range exhibit sharper peaks around noon, i.e., from 11:00 to 13:00 o'clock Central European time.
As mentioned above AAE could also be an indicator of aerosol composition (Park et al., 2006; Ajtai et al., 2010b) . AAE around 1 indicates high amount of BC, while increase of AAE might be a hint of enhanced brown carbon (BrC) aerosol concentration (Kirchstetter et al., 2004; Sandradewi et al., 2008a) . Here BrC is defined as light absorbing organic matter in atmospheric aerosol with steeply increasing absorption towards the UV (Andreae and Gelencsér, 2006) . The slight temporal changes of AAE 532-1064 nm could be explained by the fact that BrC fraction has low or negligible absorption value in this spectral region (Sandradewi et al., 2008b) . Change in composition is one possible explanation for more relevant temporal fluctuations of AAE calculated from measured absorption at shorter wavelengths (Favez et al., 2009) . Similarity of volume size distributions measured at the two representative periods (Fig. 6 ) further confirms that variations in AAE were not caused by variation in particle size, but by changes in composition. The authors have never observed and also not found in the literature such phase shift in temporal changes of AAEs calculated in different spectral region. For understanding this phenomenon we have investigated the correlation between relative number concentration of particles in the characteristic modes and AAEs associated to different spectral regions (Figs. 9(a)-9(b) and Table 1 ).
Reliable and distinct correlation (R = 0.64) between AAE 355-532 nm and relative number concentration associated to 100 nm mode was found compared with other size ranges (6 th row in Table 1 ). This may also indicate that spectral changes in this wavelength region are governed mostly by the aerosols associated with residential heating (Fig. 8(a) ), 532-355 nm (Fig. 8(b) ), 355-266 nm (Fig. 8(c) ) and the Aethalometer (grey line with symbols) for 950-590 nm ( Fig. 8(a) ) and 520-370 nm (Fig. 8(b) ).
( Fig. 9(a) ). Although particles above 500 nm did not show any characteristic modes neither in number nor in volume concentrations, relative fraction of these particles showed remarkable correlation with AAE 266-355 nm (R > 0.65) (Fig. 9(b) and 7 th raw in Table 1 ). Taking into account that red mud aerosol has significant absorption at 266 nm and it is dominant in higher size range in ambience (Gelencsér et al., 2011) it would mean that this fraction (Dp > 500 nm) may contain red mud aerosol. By mean of this assumption the phase shift in temporal variation between AAE 266-355 nm and AAE 355-532 nm values could also be explained.
SUMMARY AND CONCLUSION
Novel multi-wavelength photoacoustic instrument and SMPS + OPC were used to study aerosol light absorption and aerosol size distribution after the disaster at the red sludge hit area. Spectral response of the red mud aerosol was also characterized under laboratory conditions. Measured absorption spectrum of red mud particles is governed by its hematite content in the visible region and shows relatively high absorption at 266 nm. Model calculation was used to demonstrate that the shape of absorption spectrum is not affected by size, so it is characteristic to the sample. Under ambient conditions two characteristic modes in number size distribution were identified. Temporal variation of identified modes and absorption coefficients measured at different wavelengths were recorded. Correlation between modes and absorption coefficients were deduced and tabulated (Table 1) . Wavelength dependent AAEs were also calculated from the measured absorption coefficients in different spectral regions. Phase shift between the temporal variation of AAE 266-355 nm and AAE 355-532 nm has been identified and explained by revealing the correlation with variation of relative amount of particles in different size regions.
Unfortunately, the red sludge accident gave an extreme opportunity to test the selectivity of our novel multiwavelength photoacoustic instrument under real and special ambient conditions. Since spectral behavior of red mud particle differs significantly from that of typical urban aerosol originating from traffic or heating, it might be used as composition selective parameter in on-line identification. The correlation coefficients calculated in all possible combination are remarkable and reveal a novel possibility of more efficient on-line investigation of the ambient aerosol via the concurrently measured absorption and size spectrum, even though the relatively short measurement period. For quantitative determination of the efficiency of the presented on-line investigation for composition identification further measurements are needed with supplemented chemical analysis.
We experimentally demonstrated that the identification of composition or the changes in composition through measurement of absorption spectra is more efficient at shorter wavelengths especially in the UV wavelength region. These results further confirmed our last result that the reliability of the estimated absorption in the UV from the measured absorption at longer wavelengths is strongly depending on the composition of ambience (Ajtai et al., 2011) . We also demonstrated that in some cases, especially when atmosphere includes "atypical" aerosol such as red mud particle, the correction of such estimation can not be scaled by AAE as was done in our previous work (Ajtai et al., 2011) . Finally, we experimentally demonstrated that the reliability of the composition identification through the aerosol absorption measurement can be further increased by using number concentration and size distribution data together.
Fig. 9.
Correlations between AAE and total amount of the given modes; (a) Correlation between AAE@355-532 nm and amount of the particles having Dp ~100 nm; (b) Correlation between AAE@266-355 nm and amount of the particles having Dp > 500 nm.
